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ABSTRACT:  The estimation of total protein and total sugars of cucumber, mango, paddy, 
radish and tomato seeds in dry, wet and germinating conditions were studied.  Also the results 
are discussed in the light of possible physiological and bio – chemical change taking place 
inside the seeds during the process of absorption and germination. 
 
INTRODUCTION 
 
A variety of materials are present in dry 
seeds and some of these compounds are 
present in small amounts only and their 
metabolism during germination is of 
considerable importance. 
 
Starting with germination of a seed myriads 
of changes take place in the carbohydrate 
and nitrogenous contents of seeds.  The most 
prominent among these are (1) the 
breakdown of seeds protein and nucleic 
acid, (b) the appearance of free amino – 
acids and amino – acids amides and (c) the 
synthesis of new protein and nucleic acid in 
the growing seedling. 
 
Protein degradation has been studied 
principally in germinating seeds, Webster 
(1959) has suggested that protein 
degradation may occur as a reversal of 
protein synthesis.  Studies of  nitrogen 
metabolism during germination of Peas 
(Danielson 1951) and barley (Folkes and 
Yemen 1958) show that storage proteins are 
among the first compounds to disappear.   
Oota et al (1953) have reported that during 
germination the cotyledons of Vigna 
sesquipedalis  show a general loss of 
compounds while the other organs show an 
increase in these constituents. 
 
Damodaran et al (1946) reported that, in 
most cases the break down of proteins and 
the simultaneous appearance of amides 
occur in Phaseolus mungo seeds.    Peach 
(1935) and Prianishvikov(1951) showed that 
it was possible to induce amide formation in 
germinating seeds in the dark by feeding 
them with ammonium salts.  Sugars when 
fed to the seedlings led to a marked sparing 
action on protein breakdown.  Larson and 
Beevers (1965) reported in pea seedling 
germinated in darkness that, the decrease in 
protein content of the cotyledons was 
accompanied by an appearance of soluble 
nitrogen compounds in the growing seedling 
axis and in the cotyledons.  These were 
again utilized in the axis for production of 
proteins. 
 
The chief storage carbohydrates in the seeds 
are starch and hemicelloses.  Many other Pages 197 - 204 
 
carbohydrates occur in seeds, not necessarily 
as storage materials.  Pectins, glucose, 
frutose, sucrose, raffinose and satchyose 
also occur in greater or smaller amounts in 
most seeds.  Miller (1973) has observed that 
larger amounts of raffinose, a trissacharide 
are stored in the seeds during maturation and 
the same is consumed during germination.   
The changes in the carbohydrates of barley 
seeds during  germination have also been 
studied in detail (Mc –  leod, Travis and 
Wreay. 1953). 
 
In germinating rice seed, Fukui and Nikumi 
(1956) showed that, there was a loss of dry 
weight.  The endosperm showed an overall 
decrease in dry weight while root and shoot 
a corresponding increase.  Starch showeda 
markedddecrease in the endosperm, but 
neither root nor shoot showed a 
corresponding  accumulation  of  starch.   
Yamada (1955) observed that carbohydrate 
began to appear in the castor bean 
endosperm with the initial disappearance of 
fat during germination, followed by 
carbohydrate which reappeared in the 
hypocotyle.  Similar observations were 
made by him in regard to reducing and non 
– reducing sugars. 
 
Majumder and Boissya (1979a) recorded an 
increase in the percentage of germination of 
different types of seeds under the influence 
of different spectral bands of lights.  The 
authors (1979 b) recorded an increase in 
percentage of absorption and germination 
rates of certain seeds in response to 
chemicals and light treatments.  Boissya and 
Majumder (1980) further correlated the 
various anatomical structures of seed coats 
in relation to absorption rates of the seeds.  
The authors (1982) have also studied the 
effect of certain chemicals, viz. kinetin, 
adnine, uracil, and thymine on the vegetative 
and reproductive growths of cucumber, 
mungo, paddy, radish and tomato plants. 
 
From the observations referred to above it 
seems certain that the breakdown of stored 
materials in the seeds during germination is 
affected by a lot of internal and external 
factors.  The present project, therefore, has 
been designed to throw some light on the 
understanding of the effect of different 
spectral bands of light specially on the 
breakdown of protein and carbohydrates 
during absorption and germination of certain 
seeds. 
 
MATERIALS AND METHODS 
 
Seeds of Cucumber (Cucumis sativus var 
long),  mungo  (Phaselous mungo var 
chatali), Paddy (Oryza sativa var konijoha), 
radish (Raphanus sativus var longscarlet), 
and tomato (Lycopersicum esculentum var 
marglobe)  were collected from the seed 
corporation of Assam, Gauhati. 
 
This project is mainly confined to the 
estimation of total protein and total sugar 
only.  The method of Pirie (1955) was used 
for the estimation of nitrogen –  fractions.  
For estimation of sugar Somogy’s (1945) 
method was used.  The carbohydrates and 
nitrogenous contents were expressed in 
percentage of dry weights. 
 
The estimation of protein and that of sugars 
were done mainly on dry seed, wet seed (24 
hours soaking) and germinating seeds (4 – 7 
days seedling) under control condition and is 
presented in table –  1 and 3 respectively.  
Similar estimation were also carried out in 
treated seeds, soaked in dist. Water under 
the influence of different spectral bands of 
lights such as red, blue, green and yellow 
lights and in darkness.  The results are 
presented in Table 2 and 4. 
 
Sterilised petridishes were used in the 
experiments, samples of seeds were soaked Pages 197 - 204 
 
in dist. Water (control) and under 
continuous lights, viz, red, blue, green and 
yellow lights.  For the treatment of different 
spectral bands of light the petridishes were 
covered by coloured celophane papers.  The 
petri dishes were kept in room temperature 
for 24 hours. 
 
After soaking for 24 hours in water the 
treated seeds were analyzed for total protein 
sugar.  The results are graphically 
represented in Figures I and II. 
 
 
 
 
RESULTS AND DISCUSSION 
 
From the results presented in Table 1, it is 
seen that dry tomato seed contained highest 
amount of protein and paddy seed shows the 
lowest.  Radish, cucumber and mungo seed 
show intermediate percentages.  As regards 
the protein content of the soaked seed, 
radish show highest percentage and lowest 
by paddy seeds.  Germinating mungo seed 
shows highest percentage of protein which 
may probably be due to reshynthesis of new 
protein molecules, the lowest percentage of 
protein in tomato seedling may be accounted 
for maximum utilization of the storage 
proteins during the process of germination. 
 
 
 
TABLE – I 
 
Showing the percentage of total protein in Dry, Wet and germinating seeds of cucumber, 
mungo, paddy, radish and tomato seeds. (Under control condition) 
 
 
Type of Seed  Percentage of total 
protein in Dry seeds 
Percentage of total 
protein in wet seeds, 
soaked for 24 hours in 
Dist. Water 
Percentage of total 
protein in 
germinating seeds 
Cucumber 
 
Mungo 
 
Paddy 
 
Radish 
 
Tomato 
 
19’89 
 
18’55 
 
8’12 
 
22’06 
 
23’01 
12’46 
 
10’57 
 
5’14 
 
15’15 
 
10’15 
8’4 
 
9’48 
 
4’48 
 
5’56 
 
3’65 
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TABLE – II 
 
Showing the percentage of total protein under the influence of different spectral bands of 
lights in  cucumber, mungo, paddy, radish and tomato seeds.  
 
 
Type of 
seed 
Percentage of total protein after 24 hours of soaking in Dist, water, under 
 
Control  Darkness  Red light  Blue light  Green 
light 
Yellow 
light 
Cucumber 
 
Mungo 
 
Paddy 
 
Radish 
 
Tomato 
 
12’46 
 
10’57 
 
5’14 
 
15’15 
 
10’15 
12’72 
 
7’99 
 
5’96 
 
14’75 
 
7’31 
13’94 
 
10’57 
 
5’42 
 
15’43 
 
11’63 
13’26 
 
10’02 
 
6’09 
 
13’8 
 
11’23 
13’26 
 
11’77 
 
5’68 
 
15’29 
 
13’4 
13 
 
7’99 
 
5’28 
 
15’69 
 
14’75 
 
 
TABLE – III 
 
Showing the percentage of total sugar in dry, wet and germinating seeds of cucumber, 
mungo, paddy, radish and tomato seeds.  (Under control condition) 
 
 
Type of Seed  Percentage of total 
sugar in Dry seeds 
Percentage of total 
sugar in wet seeds, 
soaked for 24 hours 
in Dist. Water 
Percentage of total 
sugar in germinating 
seeds 
Cucumber 
 
Mungo 
 
Paddy 
 
Radish 
 
Tomato 
 
5’34 
 
6’14 
 
7’65 
 
3’78 
 
4’95 
4’95 
 
4’95 
 
4’72 
 
2’99 
 
3’96 
3’11 
 
3’07 
 
2’9 
 
2’88 
 
3’78 
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TABLE – IV 
 
Showing the percentage of total sugar under the influence of different spectral bands of 
lights in  cucumber, mungo, paddy, radish and tomato seeds.  
 
 
Type of 
seed 
Percentage of total sugar after 24 hours of soaking in Dist, water, under 
 
Control  Darkness  Red light  Blue light  Green 
light 
Yellow 
light 
Cucumber 
 
Mungo 
 
Paddy 
 
Radish 
 
Tomato 
 
4’95 
 
4’95 
 
4’72 
 
2’99 
 
3’96 
 
5’12 
 
4’65 
 
4’56 
 
2’84 
 
3’96 
5’3 
 
4’96 
 
4’48 
 
3 
 
3’98 
5’1 
 
4’96 
 
4’63 
 
2’98 
 
3’99 
5’1 
 
5’2 
 
4’6 
 
2’86 
 
4 
4’98 
 
4’95 
 
4’58 
 
2’99 
 
4’26 
 
 
In cucumber seed highest percentage of 
protein is recorded in presence of red light 
while it is lowest in the controls.  It is 
interesting to note that all light treatments 
recorded higher amount of protein over that 
in the controls. 
 
There is a wide range of variation in the 
protein contents in case of mungo seed.  The 
highest being recorded in the seeds given 
gree light, lowest protein contents is 
observed in the seeds given yellow light and 
dark treatments.  Red light does not seem to 
be effective in this respect. 
 
Paddy seeds contain a very low percentage 
of protein among the treated seeds.  The 
highest protein content is recorded with blue 
light in these seeds.  The control seeds 
exhibited the lowest amount of protein. 
 
The radish seeds show highest amount of 
protein in yellow light and the lowest 
amount is observed in the seeds given blue 
light treatment.  The percentage of red and 
green lights are slightly effective in this 
respect while darkness helps only in the 
breakdown of protein in the seeds. 
 
All light treatments are effective in 
increasing the protein content of tomato 
seeds while yellow light emerges as the least 
effective.  Darkness enhances protein 
breakdown. 
 
The results presented in Table 3 for total 
sugars in dry, wet and germinating seeds 
show that dry paddy seeds contain highest 
percentage of total sugar and radish seeds 
contain the lowest percentage of sugar.  
Mungo, cucumber and tomato seeds present 
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paddy and radish seeds.  It is further 
observed that with soaking and subsequent 
germination total sugar contents in all used 
seed decreased considerably.  This may be 
attributed to the rapid rate of respiration 
taking place in the seedlings. 
 
Cucumber seeds show highest percentage of 
sugar in red light (Table – 4 ) and lowest is 
observed in control condition.  All other 
treatments show higher –  percentage of 
sugar than the control ones. 
 
In case of soaked mungo seeds the lowest 
amount of total sugar is observed in 
darkness and highest in green light.  It has 
also been observed that red, blue and yellow 
lights are not effective in enhancing total 
sugar contents of mungo seeds. 
 
Paddy seeds show highest percentage of 
sugar in control condition and lowest in case 
of red light treatment.  In other treatments 
the variation of sugar percentage is almost 
negligible. 
 
The sugar in case of radish seeds is same in 
control and yellow light treatment, however, 
the highest percentage is recorded in case of 
red light treatment and the lowest is 
observed in case of darkness.  Blue and 
green lights help in the breakdown of sugar. 
 
In case of soaked tomato seeds lowest 
amount of sugar is recorded in case of 
control seeds as well as in the dark treated 
seeds.  Yellow light treatment enhances the 
sugar contents of the seeds, other light 
treatments also enhance sugar percentages. 
 
It is hardly possible to generalise the results 
as the percentage of protein and sugars 
under the effect of one specific spectral band 
of light is not similar in all the used seeds.  
The type of the stored materials of the seed, 
the composition and permeabilty of the seed 
coat etc play a very important role in regard 
to the breaking down of the stored materials, 
specially the protein and the carbohydrates.  
It has been observed from the experiments 
that the overall percentage of protein and 
sugars are more with red light treatments in 
case of cucumber seeds.  This may possibly 
be attributed to certain physiological 
changes including respiration and enzyme 
activities inside the seeds which take place 
with absorption and germination of the 
seeds.  Anatomy of the seed coat may also 
play a major role in case of these seeds.   
(Boissya and Majumder, 1980). 
 
The effect of different spectral bands of light 
in case of mungo seed is not pronounced 
because in all the spectral bands of light the 
percentage of protein and sugars remain 
almost same.  Similar observation is made in 
case of paddy seeds. 
 
All the used spectral bands of light seem to 
be effective in increasing protein and sugar 
contents in radish seed.  This variation of 
higher percentage of protein may probably 
be due to the resynthesis of certain new 
amino acids and proteins. 
 
On a scrutiny of the contents of protein and 
sugars in tomato seeds, it has been observed 
that the effect of different spectral bands of 
light has no pronounced effect. 
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The variation in the protein  and sugar 
content in the treated seeds might be due to 
certain physiological and bio-chemical 
changes which take place inside the seeds at 
different levels.  These changes occur even 
when the seed is placed in water alone, with 
out any nutrients.  The chemical changes 
which occur inside the seeds during 
germination are complex in nature.  These 
start with the initiation of absorption of 
water.  The primary changes which take part 
inside a germinating seed are: breakdown of 
stored materials, transport of all or some of 
the breakdown products specially from the 
endosperms or cotyledons to the embryo or 
growing parts and lastly the synthesis of 
new materials either from the breakdown 
products or from new materials synthesized 
inside the seedling. 
 
The question of whether  protein  synthesis 
occurs in the cotyledon during the massive 
degradation of proteins has been 
investigated by Young (1957).  He has 
reported that the activity of an adenosine 
triphosphate of pea cotyledon increases ten 
to fifteen fold during the first five days of 
germination. 
 
In addition to the breakdown of protein and 
nucleic acids, seed germination also initiates 
the synthesis of certain new amino acids.   
Virtanen et al (1953) observed that 
homoserine does not occur in pea seed in 
Free State  but within three days from 
beginning of germination this amino acid is 
found to be synthesized in greater amount 
than any other amino acid. 
 
The changes in levels of various free amino 
acids during germination have been 
examined to some extent.  Kojima et al 
(1953) noted temporary increase in certain 
amino acids, followed by their steady 
decrease in germinating wheat, rice and 
radish seeds. 
 
It would appear, therefore, that the detailed 
mechanism  of protein metabolism and 
especially protein breakdown is a unique 
feature of germination which is not clearly 
understood to -  date.  Therefore, for an 
understanding of the mechanism involved in 
the synthesis and breakdown of protein and 
sugars in plants with their  probable 
correlation needs further study at enzyme 
and nucleic acid level which is being 
followed. 
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